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Summary 21 
The retention of ingesta in the digestive tract is a major characteristic of herbivorous 22 
animals. We measured particle and fluid mean retention times (MRT) in 13 lowland tapirs 23 
(Tapirus terrestris) and 5 Malayan tapirs (Tapirus indicus) from five zoological institutions 24 
on their usual zoo diet and 2 lowland and 4 Malayan tapirs additionally on roughage-only 25 
diets (total n of trials = 24) with cobalt-EDTA as fluid and chromium-mordanted fibre 26 
(<2mm) as particle markers. MRT for fluid and particles averaged 42 ± 16 h and 55 ± 18 h in 27 
lowland and 40 ± 13 h and 56 ± 14 h in Malayan tapirs. In a General Linerar Model, neither 28 
Tapir species, body mass nor diet (characteriszed by the proportion of roughage) was 29 
significantly related to MRT, but dry matter intake was, with a steep decline in MRT with 30 
higher intake levels. Compared to other hindgut fermenters, tapirs have a low defecation 31 
frequency, which might be linked to their comparatively low food intake. Their 32 
gastrointestinal capacity (in dry matter: 1.63 ± 0.63 % of body mass) is similar to that 33 
calculated for horses. A comparison of the difference in fluid and particle MRT in large 34 
hindgut fermenters (horses, rhinoceroses, elephants, and the tapirs of this study) show that 35 
longer absolute particle MRT are linked to shorter relative fluid MRT, possibly indicating a 36 
more thorough ‘washing’ of particulate ingesta with digestive fluids at longer particle MRT. 37 
The only outlier to this general pattern, with an exceptionally high difference between fluid 38 
and particle MRT, indicating a particularly efficient ingesta washing, is the white rhinoceros 39 
(Ceratotherium simum). If possible, results of this study should be compared to findings in 40 
tapirs on natural diets. 41 
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Introduction 44 
In the wild, tapirs feed predominantly on browse items, and also on wild fruits (Williams 45 
and Petrides 1980; Henry et al. 2000; Downer 2001; Galetti et al. 2001; Tobler 2002). 46 
Together with the browsing rhinoceroses, tapirs represent the only extant browsing 47 
perissodactyls (Clauss et al. 2008a). To our knowledge, the only morphophysiological 48 
adaptations of tapirs to their natural diet that have been documented so far are their chewing 49 
efficiency and their calcium absorption: Free-ranging lowland tapirs (Tapirus terrestris) 50 
achieve a similar degree of ingesta particle size reduction as free-ranging Prezwalski horses 51 
(Equus ferus przewalskii), but in captivity, tapirs do not achieve a such a high degree of 52 
particle size reduction; these results indicate that tapir teeth, while not adapted to zoo diets, 53 
are well-adapted to their natural diet (Hummel et al. 2008a). With respect to calcium, tapirs 54 
share the characteristic of black rhinoceroses (Diceros bicornis) that they absorb this mineral 55 
with a higher efficiency than domestic horses – potentially an adaptation to the very high 56 
calcium levels in browse forage that differ from those in grass (Clauss et al. 2007a; Clauss et 57 
al. 2009). With the exception of the large comparative study of Foose (1982), adaptations with 58 
respect to other aspects of digestive physiology, especially ingesta retention, have not been 59 
investigated in tapirs so far. 60 
Generally, we expect browsing herbivores to show particular adaptations in their digestive 61 
physiology to their diet. In particular, the typical fermentation pattern of browse – with a 62 
maximum of possible fermentation that is reached comparatively quickly – should translate 63 
into comparatively shorter ingesta retention times in browsing herbivores (Hummel et al. 64 
2006). However, ingesta retention is largely influenced by the food intake level (Clauss et al. 65 
2007b; Clauss et al. 2008b), and therefore, comparisons between different species or feeding 66 
types must take the influence of food intake into account (Clauss et al. 2007c). We expected 67 
retention times in tapirs – as in other species - to decrease with increasing food intake. 68 
Additionally, measured retention times are influenced by defecation frequency. According to 69 
our personal experience, tapirs defecate infrequently in captivity, often only once per day. 70 
This could reflect a behavioural peculiarity, or a generally low food intake. For this reason, 71 
measurements of ingesta retention in tapirs might yield generally long retention times. Thus, 72 
our expectations concerning the absolute magnitude or tapir retention times were ambiguous – 73 
the fact that they are browsers should be linked to short, and their defecation frequency to 74 
long retention times. 75 
The low defecation frequency of tapirs is also the reason why it has been hypothesized 76 
that in contrast to data for equids, rhinos, or ruminants, the data from Foose (1982) for tapirs 77 
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should be comparable to data generated by other methods (continuous faecal sampling) – 78 
because the defecation frequency of tapirs does not exceed the 12-24 hour sampling interval 79 
used by this author (Clauss et al. 2007b). Therefore, we expected that in contrast to other 80 
hindgut fermenters, the data we measured in tapirs should be of a similar magnitude as the 81 
data measured by Foose (1982). 82 
With respect to one group of grazing and browsing hindgut fermenters – the rhinoceroses 83 
– Steuer et al. (2007) suggested that grazing species, in which the maintenance of adequately 84 
long retention times is crucial for the digestion of grass, should have evolved a buffering 85 
mechanism by which an increased food intake does not affect ingesta retention. Such a 86 
buffering mechanism means that the gut has the capacity to expand instantaneously when 87 
more food is ingested. In contrast, in browsers, due to the generally shorter retention times 88 
required to digest browse, such an adaptation might not be as necessary. Following this 89 
concept, we hypothesized that tapirs showed a similar pattern of food intake and ingesta 90 
retention as the browsing black rhinoceros (Diceros bicornis). 91 
Finally, we wanted to address the question whether tapirs differ from domestic horses and 92 
donkeys in terms of the capacity of their gastrointestinal tract. 93 
 94 
Methods 95 
This study was part of a larger feeding experiment with captive tapirs (Clauss et al. 2009); 96 
the principal setup of this study was similar to that used in rhinoceros (Clauss et al. 2005a). 97 
Feeding trials were performed with 13 lowland tapirs (Tapirus terrestris) and 5 Malayan 98 
tapirs (Tapirus indicus) from five zoological institutions (Table 1). Three animals were 99 
between 1-3 years old; the others were adult. All animals were not reproducing. Animals were 100 
kept individually, food intake was recorded by weighing offered feeds and leftovers for 7 101 
days, and faecal excretion by total collection for 5 days. The number of defecations was 102 
recorded. One or two different rations were used: the diets usually fed at the respective zoos 103 
consisted of varying proportions of roughage, fruits, vegetables and concentrates (Table 1); in 104 
six animals, additionally roughage-only diet was fed in a second trial (total number of feeding 105 
trials = 24). Water was available ad libitum. In 10 trials, the drinking water intake of the 106 
animals could be recorded by measuring the volume of water disappearing from the drinking 107 
trough. For the diets usually fed at the zoos, no particular adaptation period was considered 108 
necessary. For the roughage-only diets, the adaptation period was 7 days. A detailed 109 
description of all diets used in this study is given in Lang-Deuerling (2008). 110 
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Dissolved cobalt(Co)-EDTA and chromium(Cr)-mordanted fibre (< 2 mm) prepared 111 
from grass hay according to Udén et al. (1980) were used as markers for the fluid and the 112 
particle phase, respectively. A pulse-dose of the markers was fed to each animal mixed into a 113 
handful of a banana/bread mixture. The latter was added to increase palatability and to 114 
guarantee the ingestion of the markers within in a short time period. The marker was fed late 115 
in the afternoon. It was accepted without problems; each animal ingested approximately 20 g 116 
of mordanted fibre and 2 g of Co-EDTA (dissolved in app. 10 ml of water). 117 
Prior to marker feeding, three faecal samples were taken to analyse Co and Cr 118 
background levels. After marker feeding, animals were monitored continuously during 119 
daylight hours (6 am – 6 pm). Each defecation was collected completely, and the time of 120 
defecation noted. Faeces defecated at night were collected and treated as one defecation unit; 121 
these samples were allocated to the middle of the unobserved time interval. The outer layer of 122 
dung balls or piles was removed, and a representative subsample of all defecations was taken 123 
and stored frozen until drying at 60 °C and milling with a centrifuge mill (Retsch 2M1, 1 mm 124 
sieve; Retsch, Haan, Germany). 125 
Samples of feedstuffs were analysed for dry matter (DM) content by drying at 103°C to 126 
constant weight; crude ash (CA) content of feedstuffs was analysed by combustion at 550°C. 127 
Organic matter (OM) content was calculated as 100-CA. The apparent digestibility of DM 128 
(aD DM) was calculated as 129 
aD DM = (Intake-Excretion)/Intake * 100. 130 
Marker analysis followed the procedure outlined by Behrend et al. (2004) and Hummel 131 
et al. (2005); a wet ashing with sulfuric acid was followed by atom absorption spectroscopy. 132 
Transit time (TT) is the time that passed until the first marker appearance. Mean retention 133 
time in the total gastrointestinal tract (GIT) was calculated according to Thielemanns et al. 134 
(1978): 135 
MRT = ∑(ti * dt * ci) / ∑(dt * ci) 136 
with ti = time after marker application (h), dt = time interval represented by marker 137 
concentration (calculated as (((ti+1 – ti) + (ti - ti-1)) / 2), and ci = faecal marker concentration at 138 
time i (mg/kg DM). The marker was assumed to have been passed completely once the faecal 139 
Co and Cr content equalled that before marker application. The selectivity factor (Lechner-140 
Doll et al. 1990) was calculated as MRTparticle/MRTfluid. 141 
The indigestible gut content (VN) and the total gut content (V) were calculated 142 
according to Holleman and White (1989): 143 
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VN  = F * MRT 144 
with F = faeces output (kg DM/h) and MRT = the average (2 mm) particle passage time 145 
through the whole digestive tract (h). 146 
V= (VN - (VN /(1 – (aD DM/100)))/ln(1 – (aD DM/100)) assuming an exponentially 147 
absorption of ingested food with time spent in the digestive tract.  148 
The paired t-test was used for the comparison of fluid and particle MRT, and independent 149 
t-tests to compare measurements between species. Pearson’s correlation coefficient (PCC) 150 
served to characterise correlations between parameters. A General Linear Model using 151 
MRTParticle as dependent variable, species as a fixed factor and body mass, diet (characteriszed 152 
by the proportion of roughage) and relative dry matter intake as covariates, was used to test 153 
for main influence factors on MRT. Statistical analyses were performed using SPSS 17.0 154 
(SPSS Inc., Chicago, IL). 155 
 156 
Results 157 
Mean fluid and particle retention times showed a wide range in the tapirs of this study, 158 
varying from 15–72 h and 25-81 h, respectively. There was no significant correlation between 159 
any TT or MRT parameter and the estimated body mass; however, both MRTFluid (PCC=-160 
0.449, p=0.028, n=24) and MRTParticle (PCC=-0.589, p=0.002, n=24) were significantly 161 
correlated to the relative dry matter intake. In the General Linear Model (F=4.261, p=0.013), 162 
neither species (F=0.745, p=0.399), body mass (F=0.002, p=0.966) nor the proportion of 163 
roughage in the total diet (F=3.129, p=0.093) were significant; in contrast, relative dry matter 164 
intake was highly significant (F=13.773, p=0.001). When comparing the data of this study to 165 
data from Foose (1982) on organic matter intake and particle retention in tapirs, no systematic 166 
difference between the two datasets is evident (Fig. 1). When compared to data on food intake 167 
and ingesta retention for rhinoceros, the relationship between these parameters in tapirs was 168 
similar to the one documented in black rhinoceros (Fig. 2a). In contrast, data for these 169 
parameters in equids (Fig. 2b) or elephants (Fig. 2c) indicate a less steep relationship in the 170 
latter animal groups – however, the intake levels of these groups exceeded that measured in 171 
the tapirs.  172 
There were no correlations between the drinking water or the total water intake and 173 
MRTFluid. The average defecation frequency varied between 0.6 and 3.9 defecations per day. 174 
The variation in defecation frequency led to a corresponding variation in marker excretion 175 
patterns (Fig. 3a-d). The number of defecations was positively correlated with the relative dry 176 
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matter intake (PCC=0.480, p=0.018, n=24, Fig. 4a) and negatively with MRTParticle (PCC=-177 
0.453, p=0.026, n=24, Fig. 4b). 178 
Across all experiments, particles were retained significantly longer in the gastrointestinal 179 
tract of tapirs than fluids (55±16 h vs. 41±15 h; paired t-test p<0.0001). The selectivity factor 180 
averaged at 1.34±0.22 (after the exclusion of animal 8, whose SF of 2.89 must be considered 181 
an outlier). The selectivity factor was not correlated to dry matter intake. 182 
The dry matter gut fill was higher in Malayan (2.2±0.57 % of body mass) as compared to 183 
Lowland tapirs (1.4±0.46 %), due to a generally lower dry matter digestibility in Malayan 184 
tapirs (Table 2); note that this difference is an effect of the different diets fed (Table 1), not a 185 
systematic species difference. Dry matter digestibility was highly, negatively correlated to the 186 
proportion of roughage in the diets used (PCC=-0.755, p<0.0001, n=23). When compared to 187 
the dry matter gut fill of horses and donkeys calculated from data by Pearson et al. (2001; 188 
2006), no difference between tapirs and equids is evident (Fig. 5). 189 
 190 
Discussion 191 
The results of this study corroborate those of other studies on individual species, such as 192 
beavers (Fryxell et al. 1994), for deer mice (Reid and Brooks 1994) or hippos (Clauss et al. 193 
2004), that mean retention times measured can vary enormously with food intake. Therefore, 194 
comparisons between retention parameters of different species should be made with respect to 195 
food intake (Clauss et al. 2007b). Whereas in rhinoceroses, differences in MRT on 196 
comparable food intakes between the species correspond to expectations based on 197 
considerations regarding the natural diet of the different species – browse vs. grass (Hummel 198 
et al. 2006), the range of MRT measured in tapirs overlaps that of different rhinoceros species 199 
(Fig. 2a). Clear statements linking the tapirs’ natural feeding habit with the measured ingesta 200 
retention times, therefore, are not possible. The similarity of tapirs with respect to the 201 
relationship between food intake and defecation (Fig. 4) and gut capacity (Fig. 5) with other 202 
perissodactyls indicate a common bauplan for these species. 203 
An important characteristic of tapirs, which impacts physiological measurements based on 204 
faeces, is their low defecation frequency, for which they are renowned, and which was also 205 
observed in this study. Whether the frequency of faecal sampling per day, or the frequency of 206 
defecation for that matter, will have an influence on the MRT as calculated, depends on the 207 
equation actually used for that calculation (Van Weyenberg et al. 2006). The equation used by 208 
Foose (1982, p. 80) is one demonstrated by Van Weyenberg et al. (2006) to be influenced by 209 
sampling frequency; Clauss et al. (2003) had suggested that the MRT data from Foose (1982) 210 
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are systematically higher than those from other studies where a more frequent sampling 211 
regime was used. Later, Clauss et al. (2007b) suggested that tapirs might be the only animals 212 
for which such an effect is not noticeable because in these animals, not the study design but 213 
rather defecation frequency determines sampling frequency. A plot that compares MRT data 214 
from Foose (1982) and studies with higher sampling frequency and includes mean values for 215 
tapirs from this study confirms this hypothesis (Fig. 6). This observation raises the question 216 
how reliable MRT measurements can be in animals where defecation is not continuous but 217 
subject to relevant behavioural control and a corresponding presumed long retention of faeces 218 
in the rectum, and emphasizes that a high number of individual measurements, on a variety of 219 
food intake levels, should be performed in order to characterize a species.  220 
For some large herbivore species, such as elephants, hippopotamuses, horses, cattle, 221 
sheep, or red kangaroos (Macropus rufus), MRT measurements have been performed over a 222 
large range of food intakes (collated in Clauss et al. 2007c; Munn et al. 2008). These intake 223 
ranges, however, are not always overlapping, which could be due to differences in study 224 
design, or to differences in digestive physiology. For example, the conventional zoo diets 225 
used in the animals of this study might have allowed tapirs to meet their energetic 226 
requirements on a low intake level. However, even on roughage-only diets, the tapirs 227 
investigated did not show the high intake levels observed in horses or elephants on roughage 228 
diets (cf. Fig. 2b,c). Similarly, hippopotamuses never showed intake levels typical for 229 
elephants, for example, which can be linked to their digestive physiology (Clauss et al. 2007c) 230 
and low metabolism, as indicated by apparently low energy intake in captivity and low body 231 
temperatures as compared to other mammals (Schwarm et al. 2006). It is possible that tapirs 232 
generally have a lower metabolism than other large herbivores, too, and therefore do not 233 
display high food intake levels; however, whether this is also the case in animals on feeds that 234 
resembles their natural diet more closely remains to be investigated. The difference in the 235 
reported body temperature for captive tapirs of 36.4-37.2°C (Klomburg 1995) compared to 236 
that of domestic horses of 37.5-38.5°C (Steinlechner 2010) indeed suggests that tapirs might 237 
have a comparatively low metabolism. 238 
When comparing the tapirs of this study to black rhinoceroses (Fig. 2a), the food intake 239 
range is overlapping (when data for a diet of very low acceptance in black rhinos are included, 240 
Steuer/Hummel/Clauss, pers. obs.) and the pattern of decreasing MRT with increasing food 241 
intake is very similar, indicating a consistent decrease in MRT with increasing food intake. 242 
Such a decrease should make these animals less flexible in terms of food intake, because the 243 
reduction in MRT with the ensuing drop in digestibility would outbalance potential gains 244 
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from a higher food intake (Clauss et al. 2007c). Clauss et al. (2007c) had suggested that 245 
animals that are less subjected to seasonal variation in food quality – such as browsers in 246 
general – might be less compromised by such a physiological constraint, and might therefore 247 
not have evolved the buffering capacity that evidently appears to allow horses or elephants to 248 
ingest large amounts of food without compromising MRT. Tapirs and black rhinoceroses 249 
appear to match this pattern, but more data on other herbivores is needed before this 250 
generalization can be accepted. In particular, it might be questionable whether horses or 251 
elephants would maintain their shorter MRTs when challenged with restricted diets and hence 252 
low food intakes. 253 
Although tapirs are strict browsers, the ‘selectivity factor’ (SF), i.e. the ratio of 254 
particle:fluid MRT in the gastrointestinal tract, is not in the range typically expected for 255 
browsers but between values measured in black and Indian rhinos (Rhinoceros unicornis) 256 
(Steuer et al. 2010). Steuer et al. (2010) suggested that differences in the SF are only 257 
meaningful when animals of similar food intake levels are compared, and therefore, the tapirs 258 
of our study might represent outliers in this respect. Nevertheless, when plotting SF data 259 
against overall particle MRT in different large hindgut fermenters (Fig. 7), there is a strong 260 
correlation between the two measurements (PCC=0.809, p=0.015, n=8): the longer the 261 
particle MRT, the larger the difference between particle and fluid MRT. This suggests a 262 
general ‘washing’ mechanism for digesta with digestive fluids (Lentle et al. 2006): the longer 263 
the particle phase is retained, the more it is washed by digestive fluids, and hence a fluid 264 
marker is transported past the particulate digesta more quickly. Note that fluid MRT does not 265 
indicate the passing of ingested fluid/water through the gastrointestinal tract (and there was no 266 
correlation between water ingestion and fluid MRT in our study), but describes the amount of 267 
digesta washing by intestinal fluid that is actually taking place. Fluid is constantly excreted 268 
and absorbed, and re-excreted and re-absorbed in the gastrointestinal tract, and the fluid 269 
marker – by definition non-absorbable – moves from one fluid phase to the next, indicating 270 
the degree of fluid exchange in the gut. A long particle MRT, thus, in itself appears to 271 
guarantee a thorough ‘washing’ of ingesta. The only exception to this pattern among the large 272 
hindgut fermenters is the white rhinoceros (Ceratotherium simum) (Fig. 7) – in this species, 273 
therefore, a particular adaptation in the sense of particular fluid excretion (to enhance digesta 274 
washing) in the GIT can be postulated. Although such an adaptation has been linked to a 275 
natural diet dominated by grasses (Clauss et al. 2006; Hummel et al. 2008b; Schwarm et al. 276 
2009; Lechner et al. 2010; Steuer et al. 2010), its actual function remains to be investigated. 277 
 278 
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Table 1. Tapirs used for feeding trials. Body weights represent estimates. Diets used were 413 
either the zoo diets fed to these animals at their facility (characterised by the proportion of 414 
roughage and fruits/vegetables in % of the dry matter intake; the difference to 100 represents 415 
the proportion of pelleted feeds and/or cereal products) and roughage-only diets (fruits and 416 
concentrates only used in low proportions for management purposes). 417 
 418 
Animal Species Sex Age Body mass Zoo ration Roughage ration 
   years kg (roughage/produce in % dry matter)1 
1 T. indicus m 9 270 33/40 99/1 
2 T. indicus f 15 260/255 8/51 98/1 
3 T. terrestris f 11 215 23/29 - 
4 T. terrestris m 9 195 73/18 - 
5 T. terrestris f 1.5 180 48/35 - 
6 T. terrestris f 24 185 34/21 - 
7 T. indicus m 4 285 18/27 - 
8 T. terrestris m 5 215 24/26 -- 
9 T. terrestris m 1 175 4/33 - 
10 T. terrestris f 17 200 11/68 - 
11 T. terrestris f 6 225 18/45 - 
12 T. indicus f 6 305 10/51 99/- 
13 T. indicus m 7 275 12/69 99/1 
14 T. terrestris m 22 180 23/44 96/3 
15 T. terrestris f 23 185 36/37 98/1 
16 T. terrestris m 23 185 12/26 - 
17 T. terrestris f 19 185 14/27 - 
18 T. terrestris f 2 185 8/32 - 
1differences to 100% represent the proportion of pelleted compound feeds or other diet items such as 419 
bread, pasta etc. fed in zoos 420 
 421 
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Table 2. Dry matter intake (DMI), drinking water (Drink) and total water intake, mean number of defecations per 423 
day, transit time (TT) and mean retention time (MRT) for a fluid (Co) and a particle (Cr) marker, the selectivity 424 
factor (SF; MRTCr/MRTCo), the apparent digestibility of dry matter (aD DM) and the calculated gut fill (in dry 425 
matter) for the tapirs investigated in this study; diets used were either the regular zoo diets or hay-only diets. 426 
Spezies Animal Diet DMI Drink Water intake Defecations TT Co MRT Co TT Cr MRT Cr SF aD DM Gut fill 
   g kg-0.75d-1 g kg-0.75d-1 g kg-0.75d-1 d-1 h h h h  % kg DM 
Lowland  3 zoo 74 199 319 2.6 23 29 23 32 1.10 52 4.0 
Lowland  4 zoo 62 - - 2.1 15 20 15 25 1.28 60 2.2 
Lowland  5 zoo 66 - - 2.0 23 35 23 39 1.13 75 2.8 
Lowland  6 zoo 52 - - 1.0 15 51 15 72 1.41 69 4.6 
Lowland  8 zoo 36 14 114 1.9 8 15 10 44 2.89 74 2.0 
Lowland  9 zoo 55 27 148 3.4 9 25 9 31 1.24 80 1.7 
Lowland  10 zoo 46 26 141 2.6 11 41 11 48 1.17 82 2.4 
Lowland  11 zoo 34 12 110 1.0 33 65 33 76 1.17 79 3.2 
Lowland  14 zoo 42 - - 0.7 24 33 24 63 1.90 66 3.4 
Lowland  15 zoo 50 - - 0.9 41 43 41 48 1.11 67 3.0 
Lowland  16 zoo 25 92 146 0.6 26 53 26 64 1.21 86 1.5 
Lowland  17 zoo 30 30 94 2.8 27 57 29 74 1.30 85 2.0 
Lowland  18 zoo 32 58 138 2.3 25 72 25 80 1.11 92 1.9 
Lowland  14 hay 16 - - 0.6 53 55 53 70 1.27 41 1.8 
Lowland  15 hay 34 - - 1.0 21 37 21 55 1.48 49 2.8 
Malayan  1 zoo 63 - - 2.5 46 50 46 54 1.09 60 6.2 
Malayan  2 zoo 54 99 275 1.3 54 67 54 81 1.21 73 6.6 
Malayan  7 zoo 77 - - 2.1 21 31 21 52 1.68 65 6.7 
Malayan  12 zoo 75 - - 3.9 24 39 23 50 1.29 46 8.4 
Malayan  13 zoo 43 - - 2.3 23 29 23 44 1.49 49 3.9 
Malayan  1 hay 29 - - 2.7 28 37 28 49 1.34 16 3.6 
Malayan  2 hay 12 205 207 2.1 29 52 29 80 1.55 - - 
Malayan  12 hay 81 - - 3.6 17 25 17 42 1.68 35 8.4 
Malayan  13 hay 42 - - 2.3 23 35 23 55 1.56 32 5.3 
              
Lowland mean  
(±SD)   
44 
(±16) 
57 
(±63) 
151 
(±71) 
1.7 
(±0.9) 
23 
(±12) 
42 
(±16) 
24 
(±12) 
55 
(±18) 
1.38 
(±0.46) 
70 
(±15) 
2.6 
(±0.9) 
Malayan mean  
(±SD)   
53 
(±24) 
152 
(±75) 
241 
(±48) 
2.5 
(±0.8) 
29 
(±12) 
40 
(±13) 
29 
(±12) 
56 
(±14) 
1.43 
(±0.21) 
47 
(±19) 
6.1 
(±1.8) 
   n.s. n.s. n.s. * n.s. n.s. n.s. n.s. n.s. ** ** 
differences between means (t-test) significant at p<0.05 (*), p<0.01 (**), or not significant (n.s.) 427 
 428 
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 429 
Figure 1. A comparison of the relationship between organic matter intake (OMI) and particle 430 
mean retention time (MRT) in tapirs from this study and from Foose (1982). 431 
432 
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Figure 2. Relationship between dry matter intake (DMI) and particle mean retention time 433 
(MRT) in tapirs from this study as compared to (a) data for different rhinoceros species 434 
(Clauss et al. 2005a; Clauss et al. 2005b; Steuer et al. 2010; Steuer et al., pers. obs.), (b) data 435 
for domestic equids (Wolter et al. 1976; Orton et al. 1985a; b; Izraely et al. 1989; Pagan et al. 436 
1998; Pearson et al. 2001; 2006), and (c) data for elephants (Hackenberger 1987). 437 
438 
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Figure 3. Excretion patterns for cobalt (Co, fluid marker) and chromium (Cr, particle marker) 439 
in tapirs; sorted by increasing defecation frequency: (a) animal 4, (b) animal 3, (c) animal 1 440 
(hay diet), (d) animal 10. 441 
442 
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Figure 4. Correlations of (a) the relative dry matter intake (DMI) and the number of 443 
defecations per day, and (b) the number of defecations per day and particle meant retention 444 
time (MRT) in tapirs from this study and black (Diceros bicornis) and white (Ceratotherium 445 
simum) rhinoceroses from Clauss et al. (2005a) and Steuer et al. (2010). 446 
447 
 19 
 447 
Figure 5. Body mass and dry matter gut fill in the tapirs of this study and domestic equids 448 
(calculated from Pearson et al. 2001; 2006). 449 
 450 
 451 
Figure 6. Comparison between mean retention time (MRT) measurements of particles in large 452 
mammalian herbivores from the data collection of Clauss et al. (2007b) and data from Foose 453 
(1982, grass hay data). A major difference between these data sets is that data from Foose 454 
(1982) were calculated on the basis of 1-2 faecal samples per day, whereas the other data were 455 
based on more frequent faecal sampling. Note that the Foose (1982) data is systematically 456 
higher than the other data, with tapirs (white circles) being an evident exception – most likely 457 
because their defecation frequency is identical to sampling frequency of Foose (1982). Black 458 
line: x=y. 459 
460 
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 460 
Figure 7. Correlation between the particle mean retention time (MRT) and the selectivity 461 
factor (SF, MRTparticles/MRTfluids, a measure for the relative movement of the particulate 462 
as compared to the fluid digesta phase) in large mammalian hindgut fermenters – tapirs (this 463 
study), rhinoceros species (Clauss et al. 2005a; Clauss et al. 2005b; Steuer et al. 2010; Steuer 464 
et al., pers. obs.), domestic equids (Pearson et al. 2001; 2006), and elephants (Hackenberger 465 
1987). 466 
